Rationale: Adult-onset Still disease (AOSD) is a rare systemic inflammatory disease of unknown etiology characterized by evanescent salmon-pink rash, fever spikes, arthralgia, and lymphadenopathy. AOSD usually has a good prognosis, but it can sometimes be fatal, especially when it is complicated by systemic inflammatory response syndrome (SIRS) and multiple organ failure.
Introduction
Adult-onset Still disease (AOSD), which is classified as a subgroup of autoimmune disease, is characterized by fever spikes, salmon-pink rash, and arthralgia. [1, 2] It is a relatively rare disease, but also a well-known differential diagnosis of fever of unknown origin. AOSD generally has a mild clinical course and is rarely fatal. Herein, we report a severe case of AOSD presenting with systemic inflammatory response syndrome (SIRS), uncontrollable extravascular fluid volume expansion, and third space accumulation leading to anasarca, 47-kg weight gain, and multiple organ failure. Treatment with tocilizumab in addition to cyclosporine, plasma exchange, and continuous hemodiafiltration (CHDF) improved the patient's general condition and vascular leakage. The patient was salvaged without complications. These results indicated that tocilizumab is a promising treatment for uncontrollable extravascular fluid volume expansion caused by severe SIRS complicating AOSD.
Methods
This is a case report of a patient at our medical practice. No Institutional Review Board approval was obtained. Our IRB designates a single-patient case report as not subject to IRB review because it does not meet the definition of human subject research. The patient has signed a consent form allowing disclosure of medical records.
Case presentation
had initially consulted a gynecologist and admitted that she was diagnosed as pelvic inflammatory disease.
On admission, she had a fever of 38°C, but the other vital signs were within normal limits. Physical examination showed mild tenderness on the left lower quadrant of the abdomen. Laboratory tests at the time of admission revealed severe inflammation [white blood cell (WBC) 13,900/mm 3 , neutrophil 76%; C-reactive protein (CRP) 27.83 mg/dL; and ferritin 371.4 ng/mL] and thrombocytopenia (platelet 82,000 /mm 3 ) with normal renal function (creatinine, 0.59 mg/dL). The possibility of sepsis was ruled out by negative results of blood, sputum, and urine cultures; endotoxin; b-D-glucan; procalcitonin; and a broad range bacterial polymerase chain reaction (PCR) from blood. Rheumatoid factor and autoantibody tests, including anti-ADAMTS13 autoantibody, which is a marker of thrombotic thrombocytopenic purpura, were negative. Immunoglobulin (Ig) G, IgM, IgA, and IgE were not elevated. Computed tomography (CT) scan showed bilateral pleural effusion, ascites, and lymphadenopathy in the neck and paraaortic station.
Initially, she was treated with ceftriaxone and azithromycin. However, a few days later, she developed hypotension and progressive dyspnea and she was transferred to the intensive care unit. Chest x-ray revealed massive bilateral pleural effusion. Laboratory tests showed acute reduction of total protein (4.6 g/ dL) and albumin (2.1 g/dL) without elevation in transaminase and creatinine levels. Additional test results were as follows: serum interleukin (IL)-6, 57.5 pg/mL (normal 4.0 pg/mL); tumor necrosis factor alpha (TNFa), 13.2 pg/mL (0.6-2.8 pg/ mL); and vascular endothelial growth factor (VEGF) 534 pg/mL ( 115 pg/mL). These results suggested a progressing acute inflammatory response. On the 5th day of admission, contrastenhanced CT showed increased pleural effusion and ascites, hepatosplenomegaly, and cervical lymph node enlargement ( Fig. 1 A-C) . A diagnosis of SIRS was made and infusion of noradrenaline and methylprednisolone (mini-boluses of 125 mg/ day for 3 days) was started. However, on the 11th day, anasarca progressed and the patient was transferred to our Department of Internal Medicine for further evaluation and management.
On examination, we noticed the presence of pink purpura on both feet (Fig. 1 D) 
After consultation with hematologists, bone marrow biopsy was performed and showed trilineage hyperplasia without dysplasia and myeloblasts. These results ruled out hematologic disorders, such as leukemia and hemophagocytic syndrome. Biopsy under endotracheal intubation and systemic anesthesia was performed on the right internal jugular lymph node, which was the largest of the lymphadenopathies. Pathologic examination showed atrophic, ill-defined follicle formation with plasma cell and neutrophil infiltration and no proliferative malignant cells or vasculature ( Fig. 1 E) .
We continued to manage the patient with tracheal intubation and mechanical ventilation because of progressing respiratory failure secondary to accumulating pleural effusion and ascites. Noradrenaline drip, plasma exchange, and CHDF were needed to keep blood pressure within the normal range when there was vascular leakage because of SIRS. Indeed, stroke volume variation was as high as 29% (normal range <13%), suggesting endovascular dehydration. [3] Her physical presentation and laboratory tests were re-evaluated. Based on Yamaguchi's classification criteria, [4] the patient was diagnosed as AOSD complicated with severe SIRS. Pulsed methylprednisolone therapy (1 g/day for 3 days) and plasma exchange were administered, with no remarkable results. The patient remained severely hypotensive, requiring large amounts of crystalloids and high doses of noradrenaline because of profuse plasma leakage from increased vascular permeability. Fluid continued to accumulate in the interstitial space, leading to generalized edema, large amount of pleural effusion, ascites, and even cataract edema (Fig. 1 F) . On day 26, weight gain reached its maximum at 47 Kg. Frequent drainage of the bilateral pleural effusion and paracentesis (3-4 times, 1-2 L per drainage) were required to prevent respiratory failure and abdominal compartment syndrome. All fluid aspirates were characterized as clear, yellow transudates (Fig. 1 G) .
At this time, vascular permeability caused by severe SIRS was considered to be the most critical mechanism for the poor systemic condition of the patient. Anti-IL6 receptor antibody (tocilizumab) treatment has been used in Japan for both juvenile idiopathic arthritis (juvenile-onset Still disease) and Castleman disease, especially when standard steroid therapy is ineffective. Therefore, we decided to administer tocilizumab intravenously to ameliorate the patient's condition. Careful consideration was made because the patient was still in an unknown state of shock and administration of these drugs could be fatal, if complicated with bacterial or fungal infection. Within a week after the addition of tocilizumab to conventional treatments, vascular permeability improved, and enabled us to introduce extracorporeal ultrafiltration method. Subsequently, her hemodynamic and respiratory status improved, followed by resolution of DIC and recovery from multiple organ failure.
After infusion of tocilizumab, serum IL-6 levels escalated to 2040 pg/mL, which was expected based on the manufacturer's information. Initially, we gave 8 mg/Kg of tocilizumab weekly for 3 times, then every 2 weeks for 3 times, and every 4 weeks thereafter (Fig. 2) . Cyclosporine was also used at an initial dose of 3 mg/kg daily, and then was tapered to a minimum dose (0.2 mg/kg) 3 weeks later before discontinuation. With tocilizumab alone, we observed that there was no remission of SIRS and AOSD. Although she could not move her extremities, except for the finger tips, just after extubation on day 43 and needed rehabilitation program for 3 months, she was eventually discharged from our hospital with her previous body weight and without residual complications.
Discussion
We reported a severe case of SIRS complicating AOSD that presented with generalized edema, multiple organ failure, and hypovolemic shock because of extravascular fluid volume expansion and third space accumulation. Pulsed methylprednisolone, plasma exchange, and CHDF were unable to control the anasarca and hypovolemic shock in this patient. On the other hand, combination therapy of tocilizumab and cyclosporine led to dramatic recovery after a week with no complications. To the best our knowledge, this was the first case that survived SIRS complicating AOSD after treatment with tocilizumab. AOSD is a rare systemic inflammatory disease that is characterized by evanescent salmon-pink rash, fever spikes, arthralgia, and lymphadenopathy. [1, 2] Its etiology remains unknown and there are no specific diagnostic tests. Therefore, the diagnosis of AOSD is usually based on clinical findings after exclusion of other diseases. AOSD usually has a good prognosis, but can be life-threatening, [5] especially when it is complicated with multiple organ failure and DIC caused by SIRS, [6] [7] [8] [9] [10] hemophagocytic syndrome, [11] [12] [13] thrombotic thrombocytopenic purpura, [5] acute respiratory distress syndrome, [14] diffuse alveolar hemorrhage, [15] pulmonary arterial hypertension, [16] and liver failure. [17] Therefore, these severe complications should not be overlooked when we see patients with AOSD.
Our patient presented with shock because of profuse plasma leakage caused by increased vascular permeability caused by SIRS. To our knowledge, available literature showed only a few reports of cases with severe plasma leakage leading to shock. AOSD can also induce vascular leakage in the peripheral arteries and lead to complications of angioedema and urticarial, which can be successfully treated with pulsed methylprednisolone. [15] In our patient, there was no angioedema; therefore, it remains unknown whether the mechanism of angioedema in AOSD is similar to that of SIRS.
Accumulating evidence suggests that serum and tissue levels of IL-1, IL-6, and TNFa are increased in patients with AOSD and that the level of IL-6 is correlated with disease activity.
[1] IL-6 also plays an important role in SIRS [18] and induces severe vascular inflammation and leakage by activation of VEGF. [19] Therefore, it is considered reasonable to use anti-IL 6 antibody for patients with SIRS complicating AOSD. [19] Indeed, in the present case, there was marked elevation of IL-6, TNFa, and VEGF; after recovery from SIRS induced by anti-IL-6 receptor treatment, VEGF decreased (Fig. 2) .
The causative roles of IL-1 and IL-6 in AOSD have been demonstrated through the responses to direct inhibition of anti-IL-1 receptor antibody (anakinra) and anti-IL-6 receptor antibody (tocilizumab). [20] [21] [22] [23] [24] [25] On the other hand, anti-TNFa agents were not effective in patients with refractory AOSD. [26] Therefore, anakinra and tocilizumab have been recently recommended for refractory systemic AOSD. [1, 27] Indeed, tocilizumab has been shown to be effective for refractory AOSD around the world. [25, [28] [29] [30] [31] [32] [33] However, it remains unknown whether tocilizumab would be effective for SIRS complicating AOSD. Although SIRS complicating AOSD is extremely rare and mild cases are responsive to high-dose steroids, [8, 34] it can also be fatal. [6] We searched for MEDLINE from January 1, 1991 to December 1, 2016 using a search strategy with the terms "Adult onset Still disease" and "Systemic inflammatory response syndrome," and/or "edema" and/or "shock". Eight published cases of SIRS complicating AOSD, including the present case, were found. The mean age of these eight cases was 29.5 years (range, 23-47 years) ( Table 1) . [6] [7] [8] [9] [10] 34, 35] To the best of our knowledge, this patient represents the first reported case of severe SIRS complicating steroid-resistant AOSD that was successfully treated with anti-IL-6 antibody (Table 1) .
It has been reported and reviewed that tocilizumab has been effective for AOSD complicated with macrophage activation syndrome (MAS), which is another form of acute systemic inflammatory syndrome characterized by hemophagocytic syndrome leading to pancytopenia and organ dysfunction. [36] MAS is also an important complication in AOSD, although bone marrow biopsy showed no hemophagocytic syndrome in the present case. Furthermore MAS and even SIRS should be recognized as a complication of tocilizumab treatment. [19, 37] Although the pathologic examination did not show hyperplastic lymph nodes containing hyalinized follicles and/or marked interfollicular vascular proliferation, the possibility of Castleman disease could not be ruled out completely because steroid therapy has already been started before the patient was transferred to our A new entity of Castleman disease has been proposed as TAFRO syndrome, [38] which comprise a combination of thrombocytopenia, anasarca, myelofibrosis, renal dysfunction, organomegaly, and hypergammaglobulinemia. The present case showed thrombocytopenia, anasarca, and renal dysfunction, but did not show myelofibrosis and hypergammaglobulinemia. In Japan, tocilizumab is generally used for the treatment of Castleman disease and polyarticular juvenile idiopathic arthritis. These similar clinical manifestations to TAFRO syndrome accompanying SIRS with AOSD in this patient made it seem reasonable to administer tocilizumab in addition to cyclosporine, steroids, and plasma exchange.
SIRS complicating AOSD is rare, but can lead to multiple organ failure and be life-threatening. Therefore, SIRS should not be overlooked as a potential complication of AOSD, especially when a patient presents with systemic edema. Anti-IL-6 receptor antibody can be used safely and effectively for severe AOSD refractory to usual immunosuppressive agents and plasma exchange. Table 1 Case reports of AOSD complicated with SIRS [6] [7] [8] [9] [10] 34, 35] . 
